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(54) CONVERTER

(67) A converter includes a first bridge arm and a
voltage clamping unit. The first bridge arm includes a first
switching unit. The voltage clamping unit is coupled to
the first bridge arm, and includes a first charging branch
and a second charging branch. The first charging branch

is configured to have afirst resonantfrequency, to absorb
a first spike of the first switching unit. The second charg-
ing branch is configured to have a second resonant fre-
quency to absorb a second spike of the first switching
unit.
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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to a converter.
More particularly, the present disclosure relates to a con-
verter having a voltage clamping protection.

Description of Related Art

[0002] Recently, converters have been widely applied
in various fields, which include, for example, solar invert-
ers, uninterruptible power supply (UPS), power condi-
tioning system (PCS), etc.

[0003] The converter generally includes switching
units. In the operations of the converter, the voltage
spikes are generated, during the switching units are
turned off, to have an impact on elements of the convert-
er. In some approaches, a voltage clamping protection
is applied to the converter, in order to prevent the switch-
ing units from being damaged by the voltage spikes.
[0004] In current approaches, the voltage clamping
protectionis only able to absorb the voltage spikes having
a single frequency. However, with the different parasitic
inductances or capacitances, the voltage spikes, gener-
ated during the switching units are turned off, may have
multiple frequencies. Thus, the operations of the current
voltage clamping protection cannot provide a complete
protection for the switching units.

SUMMARY

[0005] Anaspectofthe presentdisclosureisto provide
aconverter. The converterincludes afirst bridge arm and
a voltage clamping unit. The first bridge arm includes a
first switching unit. The voltage clamping unit is coupled
to thefirstbridge arm, andincludes afirst charging branch
and a second charging branch. The first charging branch
is configured to have afirstresonant frequency, to absorb
a first spike of the first switching unit. The second charg-
ing branch is configured to have a second resonant fre-
quency to absorb a second spike of the first switching
unit.

[0006] Yetanother aspect of the present disclosure is
to provide a voltage clamping unit. The voltage clamping
unit includes a first charging branch, a second charging
branch, a first discharging branch, and a second dis-
charging branch. The first charging branch is coupled in
parallel with a switching unit, and is configured to have
a first resonant frequency, to absorb a first spike of the
switching unit. The second charging branch is coupled
in parallel with the switching unit, and is configured to
have a second resonant frequency, to absorb a second
spike of the switching unit. The first discharging branch
is coupled between an input power source and the first
charging branch, to discharge the first charging branch.
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The second discharging branch is coupled between the
input power source and the second charging branch, to
discharge the second charging branch.

[0007] It is to be understood that both the foregoing
general description and the following detailed description
are by examples, and are intended to provide further ex-
planation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The disclosure can be more fully understood by
reading the following detailed description of the embod-
iment, with reference made to the accompanying draw-
ings as follows:

FIG. 1A is a schematic diagram of a converter, in
accordance with some embodiments of the present
disclosure;

FIG. 1 B is a schematic diagram illustrating a spike
generated during the switch S2in FIG. 1 A'is turned
off, in accordance with some embodiments of the
present disclosure;

FIG. 1C is a schematic diagram illustrating a spike
generated during reverse recovery of the diode D2
in FIG. 1A, in accordance with some embodiments
of the present disclosure;

FIG. 2 is a schematic diagram of a converter, in ac-
cordance with some embodiments ofthe present dis-
closure;

FIG. 3 is a schematic diagram of a converter, in ac-
cordance with some embodiments ofthe present dis-
closure;

FIG. 4 is a schematic diagram of a converter, in ac-
cordance with some embodiments ofthe presentdis-
closure;

FIG. 5 is a schematic diagram of a converter, in ac-
cordance with some embodiments ofthe present dis-
closure; and

FIG. 6 is a schematic diagram of a converter, in ac-
cordance with some embodiments ofthe present dis-
closure.

DETAILED DESCRIPTION

[0009] Reference will now be made in detail to the
present embodiments of the disclosure, examples of
which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers are
used in the drawings and the description to refer to the
same or like parts.

[0010] Although the terms "first," "second," etc., may
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be used herein to describe various elements, these ele-
ments should not be limited by these terms. These terms
are used to distinguish one element from another.
[0011] In this document, the term "coupled" may also
be termed as "electrically coupled”, and the term "con-
nected" may be termed as "electrically connected". "Cou-
pled" and "connected" may also be used to indicate that
two or more elements cooperate or interact with each
other.

[0012] As used herein, "around", "about" or "approxi-
mately" shall generally mean within 20 percent, prefera-
bly within 10 percent, and more preferably within 5 per-
cent of a given value or range. Numerical quantities given
herein are approximate, meaning that the term "around",
"about" or "approximately"” can be inferred if not expressly
stated.

[0013] Referenceis now madeto FIG.1A.FIG.1Ais
a schematic diagram of a converter 100, in accordance
with some embodiments of the present disclosure. As
shown in FIG. 1 A, the converter 100 includes a bridge
arm 120 and a voltage clamping unit 140. The bridge arm
120 includes a switching unit 122 and a switching unit
124. A first terminal of the switching unit 122 is coupled
to aninput power source VBUS, a second terminal of the
switching unit 122 is coupled to a first terminal of the
switching unit 124, and a second terminal of the switching
unit 124 is coupled to the input power source VBUS.
[0014] Insomeembodiments, any one of the switching
unit 122 and the switching unit 124 includes a power sem-
iconductor switch and a diode that are coupled in parallel
with each other. For illustration, as shown in FIG. 1A, the
switching unit 122 includes a power semiconductor
switch S1 and a diode D1 that are coupled in parallel with
each other. Similarly, the switching unit 124 includes a
switch S2 and a diode D2 that are coupled in parallel with
each other. In various embodiments, the switch S1 and
the switch S2 are implemented with various types of tran-
sistors, including, for example, insulated gate bipolar
transistors (IGBT), metal-oxide-semiconductor field ef-
fect transistors (MOSFET), etc.

[0015] FIG. 1 B is a schematic diagram illustrating a
spike generated during the switch S2in FIG. 1 Aiis turned
off, in accordance with some embodiments of the present
disclosure. FIG. 1C is a schematic diagram illustrating a
spike generated during reverse recovery of the diode D2
in FIG. 1A, in accordance with some embodiments of the
present disclosure.

[0016] As described above, in some embodiments,
any one of the switching unit 122 and the switching unit
124 generally includes a power semiconductor switch
and a diode that are coupled in parallel with each other.
For simplicity, the following embodiments and the related
drawings are described with IGBT, but the present dis-
closure is not limited thereto.

[0017] The operating characteristics of the IGBT and
that of the diodes are different from each other. For ex-
ample, when the switching unit 124 is turned off, the volt-
age peak value and the oscillating frequency 1/T2 of the
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spike on the diode D2 are different from the voltage peak
value and the oscillating frequency 1/T1 of the spike be-
tween two terminals of the switch S2. As shown in FIG.
1 B and FIG. 1C, compared with the spike of the switch
S2, a much higher voltage peak value and higher oscil-
lating frequency are presented in the spike of the diode
D2. Therefore, based on the differences of the oscillating
frequency and the voltage peak value of these spikes, in
different embodiments, the spikes generated by the
switch S2 and the diode D2, respectively, are able to be
absorbed by the voltage clamping unit 140 having mul-
tiple branches. As a result, a better protection can be
achieved.

[0018] The voltage clamping unit 140 includes a charg-
ing branch 142_1 and a charging branch 142_2. The
charging branch 142_1 is configured to have a first res-
onantfrequency FS1, to absorb the spike of the switching
unit 124. The charging branch 142_2 is configured to
have a second resonant frequency FS2, to absorb the
spike of the switching unit 124. As a result, when the
switching unit 124 is turned off, the spikes having the
different frequencies, generated from the switching unit
124, are able to be absorbed by the charging branch
142_1 and the charging branch 142_2. Effectively, the
charging branch 142_1 and the charging branch 142_2
are able to provide a voltage clamping protection to im-
prove a reliability of the switching unit 124.

[0019] As shown in FIG. 1A, the charging branch
142_1 includes a diode DC1, an inductor LC1, and a
capacitor CC1, and the charging branch 142_2 includes
a diode DC2, an inductor LC2, and a capacitor CC2. An
anode of the diode DC1 and an anode of the diode DC2
are coupled to the first terminal of the switching unit 124.
The inductor LC1 is coupled between a cathode of the
diode DC1 and the capacitor CC1, and the inductor LC2
is coupled between a cathode of the diode DC2 and the
capacitor CC2. The capacitor CC1 and the capacitor CC2
are further coupled to another terminal of the switching
unit 124. With such arrangement, when the switching unit
124 is turned off, if the peak values of the spikes are
higher than the bus voltage, the capacitor CC1 and the
capacitor CC2 will be charged by absorbing the corre-
sponding spikes. As a result, the spike voltage between
two terminals of the switching unit 124 can be reduced.
[0020] In various embodiments, the first resonant fre-
quency FS1 of the charging branch 142_1 is configured
to correspond to the oscillating frequency of the spike
generated during the switch S2 is turned off, and the sec-
ond resonant frequency FS2 of the charging branch
142_2 is configured to correspond to the oscillating fre-
quency of the spike during the diode D2 is in a transition
of reverse recovery. In some embodiments, the first res-
onant frequency FS1 of the charging branch 142_1 is
about the same as the oscillating frequency of the spike
generated during the switch S2 is turned off, and the sec-
ond resonant frequency FS2 of the charging branch
142_2 is about the same as the oscillating frequency of
the spike during the diode D2 isin the transition of reverse
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recovery. In yet some embodiments, the first resonant
frequency FS1 of the charging branch 142_1 is equal to
the oscillating frequency of the spike generated during
the switch S2 is turned off, and the second resonant fre-
quency FS2 of the charging branch 142_2 is equal to the
oscillating frequency of the spike during the diode D2 is
in the transition of reverse recovery.

[0021] For example, the first resonant frequency FS1
is able to be set by adjusting the capacitance value of
the capacitor CC1 and the inductance value of the induc-
tor LC1, and the second resonant frequency FS2 is able
to be set by adjusting the capacitance value of the ca-
pacitor CC2 and the inductance value of the inductor LC2.
The capacitor CC1 and the capacitor CC2 are satisfied
with the following equations:

Cl=—
(2mxFS1)= %L1

co- L
(2 xFS2)~ xL2

[0022] Where C1 is the capacitance value of the ca-
pacitor CC1, C2 is the capacitance value of the capacitor
CC2, L1 is the inductance value of the inductor LC1, and
L2 is the inductance value of the inductor LC2.

[0023] Since the characteristics of the switch S2 is dif-
ferent from the characteristics of the diode D2, the oscil-
lating frequency of the spike generated during the diode
D2 is in the transition of reverse recovery is generally
higher than the oscillating frequency of the spike gener-
ated during the switch S2 is turned off. In this embodi-
ment, the charging branch 142_1 is configured to absorb
the spike, generated during the switch S2 is turned off,
of the switching unit 124. The charging branch 142_2 is
configured to absorb the spike, generated during the di-
ode D2 is in the transition of reverse recovery, of the
switching unit 124. Accordingly, the impacts of the spikes
having different frequencies generated from the switch-
ing unit 124 are able to be reduced by the voltage clamp-
ing unit 140.

[0024] In some embodiments, the inductor LC1 and
the capacitor CC1 are configured to operate as a series-
resonant circuit of the voltage clamping unit 140. When
the switch S2 is turned off, a resonance is correspond-
ingly occurred in the inductor LC1 and the capacitor CC1.
Atthe series-resonant point, the impedance of the charg-
ing branch 142_1 of the voltage clamping unit 140 is low-
est. As a result, the spike generated from the switch S2
can be fully absorbed by the charging branch 142_1. Ef-
fectively, the spike, generated during the switch S2 is
turned off, is able to be fully limited by the inductor LC1
and the capacitor CC1.

[0025] Similarly, when the diode D2 is in the transition
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of reverse recovery, a resonance is correspondingly oc-
curred in the inductor LC2 and the capacitor CC2. At the
series-resonant point, the impedance of the charging
branch 142_2 of the voltage clamping unit 140 is lowest.
As a result, the spike generated from the diode D2 can
be fully absorbed by the charging branch 142_2. Effec-
tively, the spike, generated during the diode D2 is in the
transition of reverse recovery, is able to be fully limited
by the inductor LC2 and the capacitor CC2.

[0026] In some other embodiments, the resonant fre-
quency of the aforementioned series-resonant circuit is
set to be close to the oscillating frequency of the corre-
sponding spike. Accordingly, the function of absorbing
the corresponding spike can be achieved as well.
[0027] In some embodiments, the inductor LC1 and
the inductor LC2 are parasitic inductances on the trans-
mission lines. For example, by utilizing a simulation or a
network analyzer to test the charging branch 141_1 and
the charging branch 141_2, the inductance values of the
inductor LC1 and the inductor LC2 are obtained. Accord-
ingly, the capacitance values of the capacitor CC1 and
capacitor C2 are then set. Alternatively, in some other
embodiments, the inductor LC1 and the inductor LC2 im-
plemented by directly using inductive elements. The ar-
rangements of the inductor LC1 and the inductor LC2 are
given for illustrative purposes only, and the present dis-
closure is not limited thereto. Person skilled in the art is
able to adjust the arrangements of the inductor LC1 and
the inductor LC2 according to practical applications.
[0028] Furthermore, with continued reference to FIG.
1A, the voltage clamping unit 140 further includes a dis-
charging branch 144_1 and a discharging branch 144_2.
The discharging branch 144_1 is coupled between the
charging branch 142_1 and a positive terminal of the in-
put power source VBUS, and the discharging branch
144_2 is coupled between the charging branch 142_2
and a positive terminal of the input power source VBUS.
In some embodiments, the discharging branch 144_1 in-
cludes aresistor RC1, and the discharging branch 144_2
includes a resistor RC2. The electrical energy absorbed
by the capacitor CC1is able to be released via the resistor
RC1, and the electrical energy absorbed by the capacitor
CC2 is able to be released via the resistor RC2. As a
result, the operations of the voltage clamping, corre-
sponding to the switch S2 and the diode D2, can be con-
stantly performed, in order to prevent the impacts of the
spikes from happening to the switch D2 and the diode D2.
[0029] Reference is now made to FIG. 2. FIG. 2 is a
schematic diagram of a converter 200, in accordance
with some embodiments of the present disclosure. Com-
pared with FIG. 1A, the voltage clamping unit 140 of the
converter 200 in FIG. 2 only employs a single diode DC3
and a single resistor RC3. In other words, in this embod-
iment, additional diodes, i.e., the diode DC1 and the diode
DC2 in FIG. 1A, are not utilized in the charging branch
142_1 and the charging branch 142_2. Instead, the
charging branch 142_1 and the charging branch 142_2
are coupled to the switching unit 124 via a diode DC3.
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Effectively speaking, the diode DC1 and the diode DC2
in FIG. 1 A, is implemented with a single diode DC3.
[0030] Ingreaterdetails, as showninFIG. 2, the charg-
ing branch 142_1 only includes a capacitor CC1 and an
inductor LC1, and the charging branch 142_2 only in-
cludes a capacitor CC2 and an inductor LC2. The capac-
itor CC1 and the capacitor CC2 are coupled to the switch-
ing unit 124 via the same diode DC3, to absorb the cor-
responding spikes.

[0031] Similarly, in this embodiment, the voltage
clamping unit 140 only includes a single discharging
branch 144_3, which can be implemented with the afore-
mentioned resistor RC3. In other words, in this embodi-
ment, the capacitor CC1 and the capacitor CC2 are dis-
charged via the same resistor RC3. Effectively speaking,
the discharging branch 144_1 and the discharging
branch 144_2in FIG. 1 A are implemented with the single
discharging branch 144_3.

[0032] The numbers of the diodes and the discharging
branches of the voltage clamping unit 140, as illustrated
in the previous embodiments, are given for illustrative
purposes only, and the present disclosure is not limited
thereto. Various numbers of the diodes and the discharg-
ing branches or any combination of each embodiment
are within the contemplated scope of the present disclo-
sure. For example, in some other embodiments, the volt-
age clamping unit 140 utilizes two diodes DC1 and DC2,
but only utilizes a single discharging branch 144_3, i.e.,
a single resistor RC3. Alternatively, in some embodi-
ments, the voltage clamping unit 140 utilizes a single
diodes DC3, and also utilizes two discharging branches
144_1 and 144_2.

[0033] Reference is now made to FIG. 3. FIG. 3 is a
schematic diagram of a converter 300, in accordance
with some embodiments of the present disclosure. Com-
pared with FIG. 1A, the voltage clamping unit 140 of the
converter 300 further includes charging branches
142_1-142_N and discharging branches 144_1-144_N.
The arrangements of the charging branches
142_1-142_N and discharging branch 144_1-144_N are
similar with the aforementioned charging branches
142_1 and 142_2, and the discharging branches 144_1
and 144_2. Thus, the repetitious descriptions are not giv-
en here.

[0034] In various embodiments, as described in FIG.
2 above, at least two of the charging branches
142_1-142_N are able to be implemented with the same
diode. In some further embodiments, all of the diodes
DC1-DCN are able be implemented with the same diode.
Similarly, in various embodiments, as described in FIG.
2 above, at least two of the discharging branches
144_1-144_N are implemented with the same discharg-
ing branch. In some further embodiments, all of the dis-
charging branches 144_1-144_N are implemented with
the same discharging branch.

[0035] In this embodiment, the respective frequencies
of the charging branches 142_1-142_N are configured
to be differentfrom each other. For example, the charging
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branches 142_1 have a first resonant frequency, the
charging branches 142_2 have a second resonant fre-
quency, and the charging branches 142_N have an N-th
resonantfrequency, in which the firstresonant frequency,
the second resonant frequency, and the N-th resonant
frequency are different from each other, and N is a pos-
itive integer greater than 2. As a result, the charging
branches 142_1-142_N are able to absorb the spikes,
having different oscillating frequencies, generated during
the switching unit 124 is turned off. In other words, in
some embodiments, considering the impacts caused
from parasitic inductances and parasitic capacitances in
the circuit or other variations, the spikes, having various
oscillating frequencies, possibly generated by the switch-
ing unit 124 are able to be absorbed by using the charging
branches 142_1-142_N, which have different resonant
frequencies. Accordingly, the reliability of the switching
unit 124 is able to be further improved.

[0036] Reference is now made to FIG. 4. FIG. 4 is a
schematic diagram of a converter 400, in accordance
with some embodiments of the present disclosure. Com-
pared with FIG. 3, as shown in FIG. 4, the charging
branches 142_1-142_N of the converter 400 are coupled
in parallel with the bridge arm 120. In greater detail, the
diode DC1 and the diode DC2 are coupled to a first ter-
minal of the switching unit 122, and the first terminal of
the switching unit 122 is coupled to a positive terminal of
the input power source VBUS. The capacitor CC1 and
the capacitor CC2 are coupled to a second terminal of
the switching unit 124, and the second terminal of the
switching unit 124 is coupled to an negative terminal of
the input power source VBUS.

[0037] Compared with the embodiments above, in this
embodiment, the spiked, generated during the switching
unit 124 is turned off, are transmitted to the charging
branches 142_1-142_N via the switching unit 122, in or-
der to charge the capacitors CC1-CCN in the charging
branches 142_1-142_N. Effectively, the corresponding
spikes are absorbed by the charging branches
142_1-142_N. Accordingly, the spikes are thus limited.
Moreover, in this embodiments, the charging branches
142_1-142_N are able to simultaneously absorb at least
one spike, having a corresponding oscillating frequency,
generated during the switching unit 122 is turned off. For
example, the charging branch 142_1 and the charging
branch 142_2 are configured to absorb the spikes from
the switching unit 124, and the switching unit 142_N-1
(not shown) and the switching unit 142_N are configured
to absorb the spikes from the switch S1 and the diode
D1 of the switching unit 122. In other words, the charging
branches 142_1-142_N are able to absorb the spikes,
having different frequencies, generated from the bridge
arm 120. The arrangements described above are given
for illustrative purposes only, and other types of the ar-
rangements are also within the contemplated scope of
the present disclosure.

[0038] As shown in FIG. 4, the voltage clamping unit
140 further includes discharging branches 144_1-144-
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N. The discharging branches 144_1-144-N correspond
to the charging branches 142_1-142_N, respectively.
The capacitors CC1-CCN of the charging branches
142_1-142_N are able to be discharged via the corre-
sponding one of the discharging branches 144_1-144-
N. As described above, in some embodiments, at least
two of the diodes DC1-DCN of the charging branches
142_1-142-N are able to be implemented with the same
diode. In further embodiments, all of the diodes DC1-
DCN are able to be implemented with the same diode.
As described above, in some embodiments, at least two
of the discharging branches 144_1-144_N are able to be
implemented with the same discharging branch. In fur-
ther embodiments, all of the discharging branches
144_1-144_N are able to be implemented with the same
discharging branch.

[0039] Reference is now made to FIG. 5. FIG. 5 is a
schematic diagram of a converter 500, in accordance
with some embodiments of the present disclosure. As
shown in FIG. 5, the converter 500 includes a bridge arm
520, a bridge arm 540, and the voltage clamping unit
140. In this embodiment, the converter 500 is a T-type
neutral point clamped (TNPC) circuit. An input power
source VBUS+ and an input power source VBUS- are
coupled to a neural point N. The bridge arm 520 includes
a switching unit 522 and a switching unit 524. A first ter-
minal of the switching unit 522 is coupled to the voltage
clamping unit 140, a second terminal of the switching unit
522 is coupled to a first terminal (which is referred to as
a connection point N1) of the switching unit 524, and a
second terminal of the switching unit 524 is coupled to
an negative terminal of the input power source VBUS-.
The bridge arm 540 is coupled between the neural point
N and the connection point N1. The bridge arm 540 in-
cludes a switching unit 542 and a switching unit 544. The
switching unit 542 and the switching unit 544 are coupled
in series. In greater detail, the emitting terminal of the
switch S4 of the switching unit 542 is connected to the
emitting terminal of the switch S3 of the switching unit
542. The arrangements of the switching units 522, 524,
542, and 544 are similar with the switching units 122 and
122 described in the previous embodiments, and thus
the repetitious descriptions are not given here.

[0040] The voltage clamping unit 140 includes charg-
ing branches 142_1-142_N and 142_X, and discharging
branches 144_1-144_N and 144_X. The charging
branches 142_1-142_N are coupled between the neural
point N and the positive terminal of the input power source
VBUS+. The charging branch 142_1-142_N are able to
absorb the spikes generated from the switching units
522,542, and 544, and are able to be discharged via the
discharging branches 144_1-144_N. The charging
branch 142_X is disposed between the neutral point N
and the negative terminal of the input power source
VBUS, to absorb the spikes generated from the switching
units 524, 522,542, and 544. Similarly, the charging
branch 142_Xis able to be discharged via the discharging
branch 144_X. As a result, the voltage clamping opera-
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tions for each switching units 522, 524, 542, and 544 of
the converter 500 can be performed.

[0041] The numbers of the charging branches and the
numbers of the discharging branches described are giv-
en for illustrative purposes only, and the present disclo-
sure is not limited thereto. For example, in some other
embodiments, much more charging branches 142_X can
be employed, to absorb spikes having the different os-
cillating frequencies.

[0042] Reference is now made to FIG. 6. FIG. 6 is a
schematic diagram of a converter 600, in accordance
with some embodiments of the present disclosure. As
shown in FIG. 6, the converter 600 includes a bridge arm
620, adiode DB1, adiode DB2, and the voltage clamping
unit 140. In this embodiment, the converter 600 is a diode
neutral-point-clamped (DNPC) circuit.

[0043] The input power source VBUS+ and the input
power source VBUS-are coupled to the neutral point N.
The bridge 620 includes a switching unit 622, a switching
unit 624, a switching unit 626, and a switching unit 628.
A first terminal of the switching unit 622 is coupled to the
positive terminal of the input power source VBUS+, and
a second terminal of the switching unit 622 is coupled to
afirst terminal (which is referred to as a connection point
A hereinafter) of the switching unit 624 and a cathode of
the diode DB1. A second terminal of the switching unit
624 is coupled to a first terminal (which is referred to as
a connection point B hereinafter) of the switching unit
626. A second terminal of the switching unit 626 is cou-
pled to afirstterminal (whichis referred to as a connection
point C hereinafter) of the switching unit 628 and an an-
ode of the diode DB2. A second terminal of the switching
unit 628 is coupled to the negative terminal of the input
power source VBUS-. A cathode of the diode DB2 and
an anode of diode DB1 are coupled to together and then
coupled to the neutral point N, the anode of the diode
DB1 is coupled to the connection point A, and the cathode
of the diode DB2 is coupled to the connection point C.
The arrangements of the switching units 622, 624, 626,
and 628 are similar with the switching units 122 and 124
in the previous embodiments, and thus the repetitious
descriptions are not given here.

[0044] The voltage clamping unit 140 includes the
charging branches 142_1-142_N and 142_X and the dis-
charging branches 144_1-144_N and 144_X. The charg-
ing branches 142_1-142_N are coupled between the
cathode of the diode DB2, i.e., the neutral point N, and
the first terminal of the switching unit 622. As a result,
the charging branches 142_1-142_N are able to absorb
the spikes generated from the switching unit 622 and the
diode DB1, and the charging branches 142_1-142_N are
discharged via the discharging branches 144_1-144_N.
The charging branch 142_X is disposed between the
cathode of the diode DB2, i.e., the neutral point N, and
the second terminal of the switching unit 628, to absorb
spikes generated from the switching unit 628 and the
diode DB2. Similarly, the charging branch 142_Xis able
to be discharged via the discharging branch 144_X. Ac-
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cordingly, the voltage clamping operations for the switch-
ing units 622 and 628, and the diodes DB1-DB2 of the
converter can be performed.

[0045] The numbers of the charging branches and the
numbers of the discharging branches described above
are given for illustrative purposes only, and the present
disclosure is not limited thereto. For example, in some
other embodiments, much more charging branches
142_X can be employed, to absorb spikes having the
different oscillating frequencies.

[0046] The applications of the voltage clamping unit
140 are given for illustrative purposes only, and the
present disclosure is not limited thereto. Various types
of the converter, which are able to employ the voltage
clamping unit 140, are also within the contemplated
scope of the present disclosure.

[0047] Asdescribed above, the converter and the volt-
age clamping unit thereof provided in the present disclo-
sure are able to absorb the spikes, having different os-
cillating frequencies, generated from switching units. Ef-
fectively, the spikes, generated during the switching units
are turned off, can be limited, to achieve a complete volt-
age clamping protection.

Claims

1. Aconverter (100, 200, 300, 400, 500, 600), compris-
ing:

afirst bridge arm (120) comprising a first switch-
ing unit (124); and

a voltage clamping unit (140) coupled to the first
bridge arm, the voltage clamping unit compris-
ing:

a first charging branch (142_1) configured
to have a first resonant frequency to absorb
a first spike of the first switching unit; and
a second charging branch (142_2) config-
ured to have a second resonant frequency
to absorb a second spike of the first switch-
ing unit.

2. The converter of claim 1, wherein the first charging
branch (142_1) comprises a first capacitor (CC1),
the first capacitor is coupled in parallel with the first
switching unit to absorb the first spike, and the sec-
ond charging branch (142_2) comprises a second
capacitor (CC2), the second capacitor is coupled in
parallel with the first switching unit to absorb the sec-
ond spike.

3. The converter of claim 2, wherein the first charging
branch (142_1) further comprises a first inductor
(LC1), and the second charging branch (142_2) fur-
ther comprises a second inductor (LC2), wherein the
first inductor (LC1) is coupled to the first capacitor
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(CC1)inseries, the second inductor (LC2) is coupled
to the second capacitor (CC2) in series, and the first
capacitor (CC1) and the second capacitor (CC2) are
satisfied with following equations:

1
Ci= >
(211 x FS1)¢ x L1
1
C2=

(o1 x FS2) x L2

wherein C1 is a capacitance value of the first capac-
itor (CC1), C2 is a capacitance value of the second
capacitor (CC2), FS1 is the first resonant frequency,
FS2 is the second resonant frequency, L1 is an in-
ductance value of the first inductor (LC1), and L2 an
inductance value of the second inductor (LC2),
wherein the first resonant frequency corresponds to
an oscillating frequency of the first spike, and the
second resonant frequency corresponds to an oscil-
lating frequency of the second spike.

The converter of claim 3, wherein the first charging
branch (142_1)further comprises a firstdiode (DC1),
a cathode of the first diode (DC1) is coupled to the
first capacitor (CC1), an anode of the first diode is
coupled to the first switching unit (124), to absorb
the first spike;

wherein the second charging branch (142_2) further
comprises a second diode (DC2), a cathode of the
second diode (DC2) is coupled to the second capac-
itor, and an anode of the second diode (DC2) is cou-
pled to the first switching unit (124), to absorb the
second spike.

The converter of claim 4, wherein the first diode
(DC1) and the second diode (DC2) are implemented
with the same diode (DC3).

The converter of claim 4, wherein the voltage clamp-
ing unit (140) further comprises:

a first discharging branch (144_1) coupled be-
tween the first capacitor (CC1) and a positive
terminal of an input power source (VBUS),
wherein the first capacitor (CC1) is discharged
via the first discharging branch (144_1); and

a second discharging branch (144_2) coupled
between the second capacitor (CC2) and the
positive terminal of the input power source
(VBUS), wherein the second capacitor (CC2) is
discharged via the second discharging branch
(144_2).
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The converter of claim 6, wherein the first discharg-
ing branch (144_1) and the second discharging
branch (144_2) are implemented with the same dis-
charging branch (144_3).

The converter of claim 6, wherein the voltage clamp-
ing unit (140) further comprises:

a third charging branch (142_N) having a third
resonant frequency, to absorb a third spike cor-
responding to the first switching unit (124),
wherein an oscillating frequency of the third
spike corresponds to the third resonant frequen-
¢y, and the first resonant frequency, the second
resonant frequency, and the third resonant fre-
quency are different from each other.

The converter of claim 8, wherein the voltage clamp-
ing unit (140) further comprises:

a third discharging branch (144_N) coupled be-
tween the third charging branch (142_N) and
the positive terminal of the input power source
(VBUS), wherein the third charging branch
(142_N) is discharged via the third discharging
branch (144_N).

The converter of claim 9, wherein at least two of the
first discharging branch (144_1), the second dis-
charging branch (144_2), and the third discharging
branch (144_N) are implemented with the same dis-
charging branch (144_3).

The converter of claim 1, wherein the first bridge arm
(120) further includes a second switching unit (122),
the second switching unit (122) is coupled to the first
switching unit (124) in series, and the voltage clamp-
ing unit (140) is coupled in parallel with the first bridge
(120) and is further configured to absorb at least one
spike of the second switching unit (122).

A voltage clamping unit (140), comprising:

a first charging branch coupled (142_1) in par-
allel with a switching unit (124), and configured
to have a first resonant frequency, to absorb a
first spike of the switching unit (124);

a second charging branch (142_2) coupled in
parallel with the switching unit (124), and con-
figured to have a second resonant frequency, to
absorb a second spike of the switching unit
(124);

a first discharging branch (144_1) coupled be-
tween an input power source (VBUS) and the
first charging branch (142_1), to discharge the
first charging branch (142_1); and

a second discharging branch (144_2) coupled
between the input power source (VBUS)and the
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second charging branch (144_1), to discharge
the second charging branch (144_1).

13. The voltage clamping unit of claim 12, wherein the

first spike is generated from a diode (D2) of the
switching unit (124), and the second spike is gener-
ated from a switch (S2) of the switching unit (124).
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